INTRODUCTION
For several decades, ultra-weak photon, often called bio-photon, 1) emissions of various biological systems have been measured in studies of their physiological and pathological states. Biological systems for measurements of bio-photon emissions have been covered from the cellular levels to human bodies. [2] [3] [4] [5] [6] [7] Although there was still controversy over the origins of bio-photon emission, it was widely accepted that free radical reactions may play an important role for very weak photon emissions. 8) Radical reactions can be produced by biological events such as lipid peroxidation. In the studies of microsomal lipid peroxidation, 9, 10) they showed that the biochemical data were related to the intensity of emitted light. It has been proposed that oxygen dependent light emission in rat liver nuclei resulted from lipid peroxidation in the nuclear membrane. 11) Free radical decomposition of lipid hydroperoxides produced either singlet molecular oxygen or excited carbonyl groups which had chemiluminescent properties. Another interesting model for the mechanism of biophoton emission 12) was suggested that there was a negative feedback-loop in living cells which coupled together states of coherent ultra-weak photon field and the conformational state of the cellular DNA. Cells and organisms which were exposed to toxic substances showed different responses in photon emission dependent on the amount, type and expo- Spontaneous ultra-weak photon emission and delayed luminescence were measured from the mouse liver injured by carbon tetrachloride (CCl 4 ), a hepatotoxic chemical. After carbon tetrachloride in olive oil (4 ml/kg) was injected intraperitoneally into ICR mouse, spontaneous photon emission and delayed luminescence using metal halide lamp was measured from the excised liver. Twenty-four hours after injection, spontaneous photon emission from the livers was 69.3 ± 21.2 counts/min/cm 2 , which was two times higher than that from controls of 29.5 ± 5.9 counts/min/cm 2 . However, 72 hr after injection, spontaneous photon emission from the livers was lowered to 37.0 ± 14.9 counts/min/cm 2 . These observations were closely correlated with those of the activities of aspartate aminotransferase (AST/GOT) and alanine aminotransferase (ALT/GPT), which were released in the course of hepatocellular death. Delayed luminescence also showed clear distinction in its time course of relaxation between the carbon tetrachloride-treated and control groups. On the basis of these observations, we suggest that these photon emissions are involved in the process of death and/or proliferation of liver cells after acute exposure to carbon tetrachloride with sublethal doses. Further, these photon emissions might be originated from the process of lipid peroxidation and consequent radical scavenging by antioxidant enzymes in injured liver tissue. This model study might provide a basis for the analysis of hepatotoxicant induced liver injury and repair by means of measurements of the photon emissions.
sure time of toxin as well as on the organism investigated. [13] [14] [15] [16] As a hepatotoxicant, carbon tetrachloride (CCl 4 ) has frequently been used in models for free radical damage in animal liver. This hepatotoxicant is known to be reductively bio-activated by cytochrome P450 into a trichloromethyl radical ( • CCl 3 ), which was subsequently converted into a peroxyl radical ( • OOCCl 3 ) in the presence of oxygen. The free radical initiates lipid peroxidation by abstracting a hydrogen atom from the polyunsaturated fatty acid of a phospholipid. 17) In this paper we investigated properties of endogenous and exogenous ultra-weak photon emission from mouse liver injured by CCl 4 injections. The dose of drug injections was high enough to cause acute hepatic injury on mouse liver. The toxic effects were maximized within 24 hr after the injection and were slowly improved by self-regulation of antioxidant systems. We measured spontaneous photon emission from the mouse liver of 24 and 72-hr treated group and investigated spectral properties. The results are compared with the corresponding control groups along with transaminase activities in the plasma. We also investigated delayed luminescent property of liver tissue damaged by CCl 4 .
MATERIALS AND METHODS
Animals and Drug Administration ---All mice were handled in accordance with National Institute of Health guidelines for the humane care of laboratory animals. Male ICR mice (Seoul National University Laboratory Animal Center, Seoul, Korea) in 4-5 weeks of age were maintained on a 12 : 12 hr light : dark cycle with diet and water available ad libitum and were adapted for 2 weeks to these conditions before the experiment. CCl 4 (4 ml/kg) was given intraperitoneally in the form of 5% (v/v) solution in olive oil. An equal amount of olive oil was given to the control group of mice. At 24 and 72 hr after the injection of CCl 4 , the animals were killed by exsanguinations from the abdominal aorta under anesthesia with sodium barbital. Whole liver of the mouse was immediately extracted and placed in 37°C Ringer's solution for 30 min before the photon measuring. There were six mice in each group. Photo-Detection System ---Number of emitted photons from the samples was measured by the photomultiplier tube (PMT, R331-05 selected, Hamamatsu, Japan) and associated data acquisition systems. The schematic block diagram of the experimental setup was presented in Fig. 1 . The PMT operated at room temperature had spectral response in the range of 300 to 650 nm and the wavelength of maximum response was 420 nm. Proper housing and magnetic shield case for the PMT were used to ensure complete light-shielding and magnetic-shielding. The distance between the PMT and the sample was 7 cm. Actual photon detections were made within the dark chamber in a dark room. In the dark chamber the bio-sample was put in the sample holder. The sample holder was maintained at constant temperature (37°C) by the temperature controller with a thermocouple and a heater as shown in Fig. 1 . The dark chamber and the sample holder were made of anodizing aluminum.
Measurements of Spontaneous Photon Emission
---The background was measured for 5 min in a situation that the shutter between the PMT and sample holder was open. Then, the shutter was closed and the liver sample was put inside the dark chamber on the sample holder within 1 min. After opening the shutter again, we measured spontaneous photon emission from the sample for 5 min. Data for spontaneous photon emission were presented by subtracting the background result. Dark adaptations of the samples were made in the dark room at least 30 min so that the intensity of emitted light was kept constant during spontaneous photon emission measurements. We also measured the liver area of which side was exposed to the detecting side of PMT. Measurements of Activities of Aspartate Aminotransferase (AST/GOT) and Alanine Aminotransferase (ALT/GPT) in Serum ---Blood was collected during the sacrifice of mouse as de-
Fig. 1. Schematic Block Diagram of the Experimental Setup
This apparatus was designed to measure sequentially ultra-weak photon emission and delayed luminescence. scribed in the above, and plasma was obtained by centrifugation at 3000 rpm (1500 × g) for 10 min. Each of AST and ALT activity was measured by the Reitman and Frankel's method 18) using AST or ALT test kit (Item No. BC101-O, BC101-P; YD Diagnostics, Korea) with the UV/Visible spectrophotometer (Beckman DU70, U.S.A). Measurements of Delayed Luminescence ---We made the delayed luminescence experiments successively with each samples after the spontaneous photon emission measurements. For the measurements of delayed luminescence, we used 150 Watt metal halide lamp. Metal halide lamp is a lamp that uses an electric-discharge to produce light from a metal vapor such as sodium or mercury. The light produced by this lamp is in the broad white-blue spectrum. We illuminated the sample through the optical fibers. There were two shutters as shown in Fig. 1 : one was for the PMT and the other for the light source. Their operations were connected in such a way that, when the shutter for the light source was open, the shutter for the PMT was closed, and vice versa. Each sample was illuminated for 10 sec, and the measurement of delayed luminescence was started at 117 ± 10 milli-sec just after cutting off the light. The time intervals between the cut-off from the light source and the beginning of delayed luminescence measurement were made all the same for every sample. Illumination area over the sample was 2 cm diameter within the range of whole area of mouse liver.
RESULTS AND DISCUSSION
The averages and standard deviations of spontaneous photon emission from the control and treated mice were plotted in Fig. 2 . Quantum efficiency of the PMT was not counted on this presentation. The average value of spontaneous photon emission from the 24-hr control group was about two times higher than that from the 24-hr treated group. The intensities of spontaneous photon emission were decreased as the time elapsed from 24 to 72 hr. On the other hand, the spontaneous photon emission of the 24-hr control group was almost equal to that of the 72-hr control group. The data showed the time dependency of photon emission after the CCl 4 injections. We presented AST and ALT activities in Fig. 3 . Two transaminase activities also had the time dependency after the CCl 4 administration and showed strong correlation with the spontaneous photon emission Average area of the livers was measured in 3.8 ± 0.4 cm 2 and its average weight was 1.5 ± 0.2 g. Unpaired t-test between two groups showed p = 0.001 (n = 6).
Fig. 3. AST and ALT Activities in Serum between the CCl 4 -Treated and Control Mouse
The AST and ALT activities were calculated in the standard curves by extrapolation from the data of diluted plasma with distilled water. data. Thus, the phenomena of intrinsic ultra-weak photon emissions appeared to be involved in the process of liver tissue repair as well as hepatocellular death after acute exposure to carbon tetrachloride. Figure 4 (A) and 4(B) showed the averaged delayed luminescence data for the control and treated groups after 10-sec irradiations over the livers. The averages and standard deviations were obtained from the data of 6 mice in each group. Initial photon emissions of the treated group give more intensive peaks than those of the control group. The peak intensities in the delayed luminescence plots were 262 ± 90 counts per 10 ms and 830 ± 445 counts per 10 ms in the case of 24-hr control and treated group, respectively. In the 72-hr case, the peak intensities were 169 ± 83 counts per 10 ms and 353 ± 323 counts per 10 ms for the control and treated groups, respectively. As in the spontaneous photon emission case, the delayed luminescence data of 24-hr control and treated groups showed significantly different peak intensities at the start of delayed luminescence. The time behaviors of photon emission after the start of delayed luminescence also showed different patterns in the 24-hr group. Unpaired t-test showed that significant differences (p < 0.05) in the intensity of delayed luminescence were kept until the elapsed time, 0.1 sec. These differences were disappeared in the 72-hr group.
Carbon tetrachloride is a classic model of liver injury, and the accumulation of lipids within the hepatocyte and the appearance of hepatocellular death are primary pathological events of the hepatocellular lesion produced after exposure to this experimental hepatotoxicant. 19) Generally, active proliferation of liver cells occurs during the process of liver tissue repair after carbon tetrachloride intoxication with sublethal doses. Also, the temporal elevations in emission intensities of spontaneous photon emission and delayed luminescence have been reported during the cell proliferation of human carcinoma cell culture. 20, 21) Thus, these photon emissions appear to be involved in the hepatocellular proliferation during the process of the hepatocellular death and/or liver tissue repair. The functions of both endoplasmic reticulum and mitochondria are markedly perturbed after carbon teterachloride intoxication, and these subcellular organelles have been proposed as the site of action. 19) Thus, the changes in these subcellular organelles during hepatocellular death and/or proliferation might be reflected in the changes of these photon emissions after acute exposure to carbon tetrachloride.
The transaminase was one of the thousands kinds of liver enzymes, that had the function of transferring amino group of amino acids from alpha-amino acids to alpha-keto acids. The transaminase activity levels were used as one of the ways to indicate the liver injury. There were various other biochemical assays of which results showed strong correlation with the transaminase activity levels. In particular, lipid peroxide level was changed and antioxidant enzymes such as superoxide dismutase and catalase were produced in a similar fashion to the transaminase activities after the CCl 4 injection. 22, 23) One of the possible mechanisms for the initiation of destructive radical reactions in vivo was the decomposition of lipid hydroperoxides. Thus, these ultra-weak photon emissions might show correlation to free radical reactions and oxidative damages induced by CCl 4 . Another process for radical productions in organic material might be the photolysis of chemical bonds. Also, the results of delayed luminescent properties of liver tissues showed that the intensities of delayed luminescence were also discriminated depending on the degree of toxicities. This discrimination could be seen in more amplified quantities through the initial peak values of delayed luminescence. This model study might provide a basis for the analysis of hepatotoxicant induced liver injury and repair by means of measurements of the photon emissions. 
